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ABSTRACT: This report summarizes recent information and
applies it to a more quantitative interpretation of shock
sensitivity (gap) rest values than previously rvailable.
It was found that a GO In this test means that the witness
plate is subjected to a shockwave of 95 kbar pressure or more;
a NO GO for high energy explosives and propellants most
probably occurs because of the physical condition of the test
material. Sensitivity ordering by shock amplitude at the end
of the gap was found to be the same as that obtained from in-
duced pressures in ten materials for which the comparison
could be made. The Appendix compare3 gap and wedge test
results for explosives; the comparison suggests that both are
part of a continuous curve showing the shock initiation
behavior of the material at varying pressure levels.
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The wo.wk reported here was carried out under Task NOL-323,
io7ara Program on the Sensitivity of Solid Propellants. By
up,* of recently available information the meaning of 6he shock
sensitivity (gap) test values is determined and applied to
probable detonability of the test material. The results are
considered important for hazard classification and have, there-
lore, been transmitted to that work group of the Armcd Services
Expls:v e S%.foty Board.

W. D. COLEMAN
Captain, USN
Commander

ALBERT LIlTODQ
By direction
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Shock 3-nsltivity tests carried out in this Laboratory
during tte past year have confirmed the solid progel;ant
detonab.ltty results that were reported previously (I) and
chat ar• briefly summarized at the end oi thid reoort. While
the gensrtl picture remains unchanged, a large amount of
supplemei~rprt Information which allows more quantitative
internrecation of the gap test results has been obtained. It
is the p.-pnse of this paper to summarize such Information and
to apply it to various practical situations.

NOL GAP TEST CONFIGURATION

Fig. 1 illustrates the standard assembly for the NOL gap
test. Its most Important features are: a 5.08 cm length of
pressed tetryl ( 1- 1.51 g/cc) to supply the shock, Lucite,
or the equivalent cellulose acetate, ae the shock attenuator,
a moderately confined acceptor charge of 3.66 cm diameter x
13.97 cm length, and a mild steel witness plate 0.952 cm
thick. The criterion of "detonation" used is ti-e punching
of a hole in the witness plate. The measure of charge sensi-
tivity is the length of attenuator (gap length) at which there
Is 50% probability of detonation according to the above
criterion.

CALIBRATION OF THE GAP 'TMS'

Measurement of shock velocity in Lucite under the shock
loading ;,iovided by two tetryl pellets (Fig. 1) combined with
the equation of state data for Lucite and the general relation-
ships of hydrodynamic theory permit calibration of the gap test
to obtain shock amplitude (pressure) as a function of distance
travelled through the attenuator for the configuration of Fis.
IL Such a calibracion has been made (2); Its results can be
moat simply presented for Lucite of density us' approximately
1.18 g/lce as follows:

U - 2.5883 + 1.514 (W

where U is the shock velocity and u ti the particle velocity
in Luette; both are expressed in mm/"ec. Equation (1) has
been extrapolated for a very short distance, and was used
rather than other possible relations because its llnearltV
simpltfipd such extiapolation. From Eq. (1) and 'he hydrody-
namic relationship derived from the conservation of momentum,

P - '.U ti (2)
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TEST PLATE0.5
(MILD STEEL)

3.6o5 N0.159
COLD-ROLLED NAIR GAP
STEEL TUBE ,4.76-

PROPELLANT CHARGE 13.97
(ACCEPTOR)

CARD GAP-

TETRYL PELLETS - 25

5.08 2.54

DETONATOR_~...
DIMENSIONS IN CM

FIG. 1 CHARGE ASSEMBLY AND DIMENSIONS FOR NOL GAP TEST
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where P 1.s pressure (kbar x 10-1) and /F. (g/cc) 4.3 t-. Initial
density, it Is poszible to obtain the non-linear pressure-
particle velocity curve for Lucite. This curme is gineially
called the Hugontot .adlabmt1 o- tr'* ej4tion of -ýnj ,..re
familiar pressurt-;oamp,.,jaibility curve

P - P0"

can be obtained by combining Eqns. (1) and (2) with

(3

It is much more customary as well an more convenient to work
with a 2 - u curve than with a 2 - p curve because boundary
conditions for reflection and transmission of shookwaves at the
interface between two different materials require that pressure
P anc. particle velocity u must~ be equal on cach aide of the
boundary. The convenience will be illustrated In an applica-
tion in a later section.

Eqns. (2) and (3) are applicable to any material uncle-,
shock conditions, and Eq. (1) in. the general equat~on fo~r
shocked Lucite. The relationship between shock pr-.sure ar,
distance of travel, restricted to Wlucts in this exptrir. 'a

P -1 0 5 -0.0358x x ý2o m.

where x is the thickness of Lucite through which the sh~oc' e
travelled. Eq. (4) is an approximation good to about 5,4
pressure. For more accurate values and for gap thickncet
than 20 ma, the tabulation or graph of Reference (i must
used.

USE OF SHOCK AMPLITUDE TO DEFINE SHOCK

The effects of shocking a material are undoubtedly cr*'tbc
by the pressure loading of the material I.e., to the shape of
the pressure-time profile of the shockwave. In the absence of
quantitative information about the nature of this profile 'And
for simplicity of presentation, the discussion below will ')a
presented as if the amplitude alone fully defined the shocic.
This is e4uivalent to ausuming that in the eysteo'a considered
(a condnened medium such as Lucite or brass sahock~ed by detona--
tion of an organic explosive such as tetryl or Comp B), t'n'.
impulse is a uniformly varyn funcic- W h Naiiu
There is some slight expe rierntal~. evidence that thi may be .he
case for decaying shock3. See Appendix.



UNCLASSIFIF-D
NAVWEPS Report 7401

Study of shockwave pressure-time profiles and their
uffects cn shock sensitivity are now being carried out at NOL
and othcr laboratories. Results will not be available for
some time. Meanwhile, the simplification of describing the
snioeiwave by its maximum pressure has been adopted, but it

be ree:tamined as more informatiun becomes available.

MEANING OF A "GO" ACCORDING TO TEST CRITERIvn

The criterion for a 00 in the gap test of Fig. 1 is
punching a hole through the witness plate. It was four.d that
thhe tetryl loading attenuated by 100 cellulose acetate cards
(equivalent to a 2.54 cm thickneen of Luctte) resulted in a
50ý probability of punching such a hole. This gap thick-ness
corresponds to a pressure of 43 kbar at the end of the gap.
To determine the pressure transmitted into the plate, the
Hugonlots of iron (3) and of Lucite [Eqns. (1) and (2)2 are
used. Fig. 2 illustrates the customary method (3). Wlhen the
shock reaches the interface, Lucite - iron, its P - u values
are 43 kbar and 0.91 mm/ýLsec respectively or point (a) of
Fig. 1. At 'he interface a reflected shock (dashed line) is
sent back in'to the Lucite; this raises the pressure and parti-
cle velocity to the values at point (b) which are also the
values for the shock transmitted into the iron. The necessary
pressure to punch the hole in the witness plate is thus found
to be 95 kbar. Hence a GO, by this criterion, means that the
explosive reaction has been sufficiently vigorous to develop
a shockwave pressure of 95 kbar or greater strength in the
witness plate. In contrast to the inert Lucite, a reacting
material may load the plate not only by shock but also by
high pressure gas reaction products; this is discussed later.

It should be noted that a GO does not necessaril4 signify
high order detonation which is the steady-state maximuro rate
for the given m&terial in the geometry of Fig. 1. 1I, has been
found (4) by the wedge technique that cast TNTi /,- 1.58)
exhibited a constant velocity of 5.23 mm/sec instead of the
expected 6.7 - 6.8. A similar low velocity at the 50% point
has been observed by the continuous w:ire methiod (5). It
follows that TNT explodes with sufficient violenci to punc-
ture the plate without detonating. By applying tne usuaA
boundary approximation (2) between cast TNT and itzn and using
the limit of 95 kbars as necessary for puncture, it is 4vident

4
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IRON ,Poz7.86 G/CC LUCITE,po 1I18 G/tC

4100- b
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cn 'OF GAP
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00LO 2.03.
PARTICLE VELOCITY (MOM/USEC)

FIG.2 DETERMINATION OF SHOCK PRESSURE
IN WITNESS PLATE
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that the TNT reactl.un develops at least 58 kbars pressure.*
Since the separation between the end of the acceptor and thewi~tness p ate (0.159 cm) waj neglected in this calculation,
tk-, estimat~e of 58 kbars 13 a lower li~mit; the actual-eq~p'ure required for plate puncture would be somewhat higher.

On the other hand, It is possible for a borderlinerrater!&I s-uch as ammoniumn perchlorate (A?') to exhibit Its6tealy-state maximum rate and still not produce a plat4 punc-turve. For example, AP' of an average particle sIze of 25 ik anda ioadlin, density of 1.id g/cc exhibited a NO GO. It topo~ailble that ý.".56 cm is juat below the critical diameter (7£i'o thio sample, but for this Illustration it is assumed that?,' ie maximuwi rate, 4.3ý MM/bsec (7), was achieved. Again, bythe boundary approximation (not. a very good one in this casesince the AP' is highly cornpressiblo), the unpunctured plateIndicates that less than 54.2 kbars (again, a lower limit)pressure was developed In the AP. The computed daton.rtionpressure (7) for this AP is 54.4 kbar. At lower loadingdensities, the situation Is even more clear-cut.

W'hile various charges of AP tested in the geometry ofPl. 1 did tiot puncture the plate, they did make it bulge.In fact, the hump formed Increased in size as the loadingjensity of the charge decreased; the largest hump or bulgewas of about the same size as that obtained without a chargepresent i.e., with only air in the acceptor tube. Early inthe development of the gap test, formatit.n of a bulge In thewitnees plate was used as a criterion of a 00. It was soonreplaced by the present criterion which Is a far more satis-factory one. The behavior of an air ac~eptor, however, castssome light on the Inadequacy of bulge formation as a criterion.

The witness plate Loulge obtained with an air-filled zubeand zero gap Is caused by t~he loading produced by th!' gaseousdetonation products of tetx'yl, not by the mir ::_,.k. This iseasy to show by firing with water in the tube instead of airlin this case the plate is undameged. The shocks produced by-

'i-t iso Itre-st taf~the rate of 5.23 cm/ýLsec i3 thatexpected for TNT at a loprling density of .1.02 $/cc. Thieme±asured detortaaAon pressure at t4Ku 1.0o is 64 Vbai* (5).*
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the detonation of tetryl in air and in water are abou. 0.5 kbar
and 16.5 ktar, respectively. With no attenuatton, these would
create less than 4, (8*x 0.5),and 38 kbar, respectively, in the
plate. Consequently any shockwave damage would be greater from
the water th&n from the air. It follows that loading the plate
by tiv detonation products, which are stopped by water or any
other inert condensed medium, causes the plate bulge (the same
factor incidentally must be responsible for i-itittion across
an atr-gap). In the case of very low density, purous acceptors,
zero gap test4 that produce a bulge may do so because of the
action of the tetryl products on the plate, because of a decom-
position of the charge to produce high pressure products, or
because of a combination of these two factirs. The bulge is,
therefore, very difficult to Interpret quantitatively.

APPROXIMATION OP PRESSURE IN CHARGE BY PRESSURE IN LUCITE

Determining the shock pressure in the acceitor charge from
the shock pressure in the Lucite at the end of the gap is a
problem identical in principle to that solved in Fig. 2. The
significant practical difference is that the P-u curves for
cast or extruded charges lie close to the P-u curve for Lucite,
though still above It. It ti to be expected, therefore, that
the initiating shock pressure will be somewhat larger than the
pressure at the end of the 50% gap.

A quantitative determination of the Initiating pressure
requires either equation of state data or shock velocity data
of the solid charge material. In general, these data are not
available, and the shock pressure at the end of the Lucite gap
is used to give a rating that is assumed to be a good approxi-
mation to that which would be given by the true initiating
pressures.

Recently, equation of state data for unreacted TNT have
beern yblished (8)**. These together wltn pressures induced

* The maximum reflection cccJficient of 8 is for air with a
heat capacity ratio of 1.4.

e* In this reference, there was a discrepancy between thu
tabuaited U-u Uata and the analytical expression relating
them. For the present work, the tabulated d~ta were used;
they were found to fit the relation

U = 3.045 + 1.3193 u
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In dirferent explosives by the same shock loading (9)* permit
a te~t of the assumption. Fig. 3 shows a comparison of the
pressure at the end of the Lucite gap with the pressure In
ti-e charge for six cast and three pressed high explosives.
:ýe. Appendix,. There 13 no reversal In the sensitivity order-
tr,S although the initiatinS pressures are 16-30% higher than
the corresponding Lucite pressures. The assumptien that t..Z
latter will give a correct sensitivity ordering for denase
,:!,.ar•es seems justified.

MEANING OF "NO GO" ACCORDING TO TEST CRITERION

High energy propellants and explosives would be expected
z•o detonate under appropriate conditions. Failure or NO 00
for the test configuration of Fig. 1 might result from one of

S~three possibilities:

1i. The material, in the form tested, is detonable but
its critical diameter for detonation in greater than
3.66 cm In the confinement of Fig. 1.

2. The material, In the form tested, in detonable but
it requires stronger boostering than that effected
by the tetryl of the standardized test.

3. The material, in the form tested, In not detonable,
i.e. a critical diameter does not exist for that
physical form.

The critical diameter is that diameter below whfah deton-
ation cannot be propagated. Obviously, this diameter must be
exceeded before a GO catt be obtained. The test diameter of
3.66 cm and moderate confinement, which makes the effeutive
diameter somewhdt greater than 3.66 cm, is a very geaeroue
allowance on thls scorxe. Recent measurements oi critical
diameter for nine cast explosives gave values of 0.4 - 2.69 am
(10). Of the four pressed explosives studied, the maximum
criti-al diamet er was 1.3 em kll). =von ammonium perchlorate,
not of itself a high energy material, exhibits a critical
diameter of only 1.63 cm when particle size and density are
suffilciently lnw (7). It. is, therefore, very unlikely that
this factor is responsible for a NO GO.

•Revisl)nn of Referenc-e -) data was made by use of recently
measured, more accurate surface velocities (15).
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0 10 20 30 40
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FIG.3 COMPARISON OF SHOCK LOADING AT 5U.% POIN T
WITH INITIAL PRESSURE IN CHARGE

9
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WnliL it is ccnceivable that the tetryl would be too
wak a booater for -ome materials, in the several cases that
tekryl was replaced with a more powerful booster tho rýsult
waa still a NO GO. This, t',o, is regarded as an unlikely
11z."`roý for the charge failure.

13y f'ar the most li~cely cause of a NO Go for a high
•'ru•r propellant or explosive in this standard test. it that

pV2 !hysical form of the tert material makes shock tnttLation
vi.ry difficult or impossible. The major influance of physical
properties is well known. For example, pressed TNT car be
jetonated by an Initiating shock of 23 kbar, cast TNT explodes
wltýi an initiating pressure of 37 kbar, and liquid TNT can
aupport shocks as strong as 110 kbar without showing evi.dence
of chemical decomposition (12). Pressed nitroguanidine (25%
voids) has a gap test value of 3.56 cm; pressed nitroguandine
(4.5% voids) cannot be detonated in a 5.08 cm diameter with
1.27 cm thick wall confinement and with a booster o: 50%
greater detonation pressure than that of tetryl (13). Finally,
composite propellants (AP/organic binder* or AP/organio bindely
Al) will not detonate in the form produced by the manufacturers
but will exhibit a GO after about 10% connected voids have
been introduced into the material (1).

On the basis of such information and of the discussion
above, it is concluded that a NO GO in the standard test is a
very strong indication that the material is not detonable in
the physical form and at the temperature ased for testing.
High probability of non-detonability does not mean that the
detonation of nitroguanidine ( 4 . 5 A voids) or of composite pro-
pellant (manufacturer's density) to impossible. It does mean
that a higher initiating shock strength than 85 kbar or a
larger effective diameter than that of Fig. 1 or both will be
required to detonate these materials if they are detoneble at
all.

in addition to the guidance offered by the GO - NO GO
testing described above, additional information useful in
selectIng propellants for various apnlications is provided by
Macek's studies of the transition from burning to detonation
(14). He found that the burnt gas products must produco a
pressure of such a rapidly increasing rate as to form a shock;
the shock then initiates the unburned material. Initiation by
shock, as in the GO - NO GO testing, is a limiting casel of
transitioa from burning to detonation. Macek found that P

* Non-explosive

10
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rap!Jly accelerating pressure rise to 32 kbar was necessary
to effect transition. to detonation In his experimental con-
figuration with two relatively shock sensitive high explosives.
It is questionable that the much less sensitive propellants
can burn In such a manner is to produce tzhe very high time rate
of change oZ pressure of tne gas products or the maximum bound-
aryj pressure required for detonation provided they are examined
irn th~e small diamfiter and high confinement of Macek's experi-
mnet. The blirning of large grain propellants is a very
different matter In that there is a large possibllity of a
change of the physical state, e.g. thermal or mechanical f'rac-
ture to expose new surfaces for reaction. If this shoul'!
occur, the shattered pro~ellant may well be deto~nable (see
results for porous propellant below). No large s~cale test of
detonability can give any information about the probability of
such a physical change In the propellant during burning; other
testing procedures must.. be devised to obtain that information.

SUMMAR OF PROPELLANT SHOCK SENJSITIVITY BEHAVIOR

All of the test results obtained 'it NOL by testing pro-
pellants in the configuration of Fig. I can be suumarized in
the table below.

SHOCK SENSITIVlTIES AT 25%

Loa to&g pressre
Prgelant Physical State T % onAM

Composites As received, non-porous NO 00

Double-B230 As received, non-porous 80-47

Composite Plus As received, non-porous 69-58
17-18% HI.E.

Compositet Shredded and pressed; 11-7
16-22% connected pores
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CONCLUSIONS

The chief conclusions which can be drawn about the NOL
ehock sensitivity test in view of our present information are:

1. A 00 means that a shockwave of 95 kbar or greater was
transmitted to the witness plate; it does not necessarily mean
high order detonation of the test charge.

2. A NO 00 for high energy propellants and explogives is
probably caused by the physical state (particle size, porosity
and temperature) of the test material.

3. Sensitivity rating by shock amplitude at the end of
the gap gives the same ordering as that by shock amplitude in
the -harge for the ten explosives for which Hugoniot data are
available.
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APPENDIX

COMPARISON OF WEDGE TESTS RESULTS WITH GAP TEST VALUES

The shock initiation of heterogeneous high explosivee was
studied by means of the wedge techniq',e several years ago (4).
T!,e bnoster used in that work was a combination of a plane wave
booster followed by cyclotol 60/40 giving an effective booster
tnhckness of about one inch; the attenuation :,#as y three thick-
nesses of brass plate. Subsequent to the original work, tt was
found that the charge geometry used did not produce a uniform
particle velocity. As a consequence, the experimentally observ-
ed pirticle velocities were in error. New measurements chowed
the original surface velocities observed to be some 20% higher
than the correct values (15). Consequently the shock oressures
originally reported are too high.

By use of the corrected surface velocities (15),
J. P. Wehner obtained revised pressure data. He used LASL
equation of state data for brass (3). (The brass used at LASL
and Navy brass differ somewhat.) From te Hugoniot and the
measured surface velocity of brass as a function of brass thick-
ness, the pressure at the end of the attenuator can be found.
Then the intersection of the brass P-u curve, reflected at the
pressure at the end of the brass gap, with the line from the
origin of slope ( t4U)explosive (4) is the pressure of the shook

entering the explosive.

Jacobs (4) examined the variation of delay time r as a
function of induced shock pressure; the delay time is defined as

f - (time to steady detonation) -

(time if steady ve~ocity existed
s throughout).

V

where - time to steady detonation

X8 a length ^f run to steady detonation

D a velocity of steady detonation

The 6alay time has the nature cf an inductior time, but
its determination as the difference of two quantities of the
same order of magnitude subjects it to an intrirsicelly large
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experi.mental error. For thiar;sons the data for the six
u~uL exploulves were also examir'el for the variation in total
time to steady state and length c'f the run to steady stztG as
a function of the shock pressure. Because of the form of the
P r,, curve- of Ref . (14), curves of the reel procals ofl I # I
ana Ns vs P were examined. fhe necescafy daa are given ion
Tgblte A.-!. In each case (T - vs P, ts vs P, an~d Xslvs )
the three points are approximately linear and, in eackn case
tjiat high order detonation was achieved, the sensitivity order-
ing for ths atclrcharges in the same. For increasing
sensitivity, thsorder Is cam _TNT*, cyolotol 75/25, Comp B,
pentolite, octol 65/35, &and cyclotol 60/140.

The relation between length of run and shocic pressure
was used In examining additional data both because X:,might
be measured more easily than r and because the gap test data
muight provide a fourth point on the curve. In order tji use
gap test data, It iim necessary to know not only the shock
pressure at the end 4f the Lucite gap but also the induced
shock pressure in the high explosive. The latter data were
obtained, as explained in the text by using the Hugoniot for
Lucite and that for "fused" TNT (85 to get the pressure that
would be transmitted through each gap into cast TNT. This
value was then mu~ltiplied by a correction factor obtained by
plottitig the ratios Fexpi ./rTNT from table A-1 and Ref. (14)
a* a function of P eym the correction factor varies with the
strength o& the shou N Table A-2 gives the values of tho
initiating shock pressures for a number of materials each at
Its 50% point. Almost any L~ength of run value at the 50%
point, minimal initiation, will be large compared to the X8
values of Table A-1. The choice ranges from a radius into the
charge (18 mm.) a run for which no attenuation by lateral rare-
faction would be expected, to the 146-60 mm. measured by the
continuous wire method in confined pentolite (5). As will be
seen in the figures, the exact value is not critt--al; 50 mm.
was used for the plots.

Figure A-i shows the data for the cast explosives which-
achieved high order detonation. It seems that the shock
sensitivity test values are related to the wedge test measure-
ments in that they give the shock pressure required for
initiation *ftev a relatively very long run of the shock
through the charge. Some of the curve crossing of Figure A-1

*TNT did not achieve hig-h order detonation and was not in this

position in ordering by T~- ~vs P.
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may be 'ue to poor data, to poor selection of curves to fit
sparse data, or to the fact that different charges, prepared
at different times, were used for the two tests. There is,
however, no obvious reason why the curves should not cross
i.e., why two explosive materials should not indicate
different relative sensitivity at different levels of shock
strength. Crossing might also be caused by a duration
effect which has been completely omitted in the present
treatment.

The most dubious choice of curve is that for Comp B; it
was made both because of the location of the tc-minal point
and to obtain conformity with the trends shown by the closely
related materials, pentolite and cyciotul 75/25.

The spread of the curves of Fig. A-1 indicates that
these data are fantastically sensitive to phyrical factors
which vary with charge preparation. The chemical change of
1% wax ins certainly not responsible for the large difference
between cyclotol 60/40 and Comp B. Nor ti there any chemical
reason for cyclotol 75/25 to be less sensitive than Comp B
and cyclotol 60/40 or for octol 65/55 to be less sensitive
than cyclotol 60/40 - quite the reverse It seems likely that
an attempt to duplicate results without betler control of
charge preparation would fall.

Comparable initiation data for pressed charges have been
ccllacted from several sources in Table A-3. Most of the
corresponding curves are shown in Fig. A-2 as well as the
curve for cast TNT which did not achieve high order detona-
tion. The latter is shown here rather than in Fig. A-l
because it is thought to be most comparable to DATB. Ref.
(16) compared DATB to cast Com, B, but the curve of the
latter fFig. A-l) does not Indicate as much resemblance to
DATE as does the TNT curve.

For both DATE and DATB/RL 2741 (DATB/phenolic resin,
95/5) the point at about 8) kbars has been omitted. In the
former case this is because ýhe drop-off after the overshoot
(16) was so gradual that Xs was uncertain; in the latter, a
failure occurred. DATB/EPON 1001 (DATB/epoxy resin, 9j5/!),
howeve-. did detonate at this level, and it would not be
expected to differ much from the DATB/BRL. Mo.;'eover, a 50,'
point for initiaticn at 46 kbar was obtained for the DATBh/tRL.
For these reasons, the curve has been drawn between the two
terminal points.

15
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The data for pressed Comp B indicate the large scatter
Vor a pressed sensitive charge; this ts further illustrated
by the LASL data for cyclotol 65/35 (17) shown in Fig. A-3.
The lurge difference in sensitivity between this cyclotol and
pressed Comp B (cyclotol 6o/40 plus 1% wax) may be due to the
hiraer density of the former (1.71 as compared to 1.54), the
dlierencs in the shock loadings used, or to both of these
factors. There is no terminal (50% point) datum for this
m atarial; it is of interest that a straight line fo: the five
points extrapolates to a 50% value in the range covered by
pressed and cast Comp B.

The curves of Figs. A-1 to A-3 have been displayed to
Illustrate three points: (1) the probability that the 50%
point gives the limiting pressure for initiation; (2) the
large effect of physical properties of the charge on such
sensitivity curves and (3) the relative sensitivity of these
particular charges. Much more data are needed to esttblish
the true nature of the curves e.g., whether they are linear.
Not surprisingly, the curves drawn cannot be extrapolated to
higher pressures. For an Xs equal to the reaction zone length
of cast and pressed TNT and of cast and rressed cyclotol 63/37
(18), the shock pressure indicated by the linear curves is
much greater than a reasonable value of the von Neumann spike
pressure for theae materials. It is of some interest that
many of the sets of data also indicate linearity on a log Xe
vs log P plot, and that in several cases these extrapolate
to reasonable values at Xs - reaction zone length. The log-
log plot was not used in the qualitative discussion because it
crowds together the three high pressure points and is too
sensitive to the exact location of the terminal (50% point)
values.

It is hoped that future investigations will define the
rcle of the imp'alse in initiation and its relation to the
shock amplitude in various boostering systems. Additional
work also needs to oe done on determining whether the acceptor
diameter (Fig. 1) it sufficiently large to give the minimum
initiating pressure ror an infinite diameter charge.
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